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TRANSMITTAL OF INCIDENT INVESTIGATION REPORT

Larry, enclosed is one copy of the Investigation of the Acrylic Kettle (X-10) Incident on December 7, 1999.
This is our deliverable as proposed in JBFA-97-999.

The enclosed report describes the composition of the incident investigation team, the methodology em-
ployed by the team, a brief description of the incident, a summary of the sequence of events, a brief discus-
sion of the causal factors, and recommendations for preventing recurrence. The attachments provide details,
drawings, and figures related to this incident.

We have made appropriate report revisions to address reviewer comments on the draft copy. If we do not
receive additional comments within 3 months of sending this letter report, or if the report is acceptable as is,
the enclosed copy will serve as the final report. For our records, we ask that your company send us a brief
letter of acceptance of our final report within the next few weeks.

The incident investigation report and recommendations were prepared by a team of ABS Group Inc., Risk
and Relibility division (ABS Group) and your personnel solely for the use of your company. Neither ABS
Group, your company, nor any person acting in their behalf makes any warranty, expressed or implied, or
assumes any liability to any third party with respect to the use of any information or methods disclosed in
this letter report. Any third-party recipient of this letter report, by acceptance or use of this letter report,
releases ABS Group from liability from any direct, indirect, consequential, or special loss or damage,
whether arising in contract, tort (including negligence), or otherwise.

ABS Group and its employees, subcontractors, consultants, and other assigns cannot, individually or
collectively, predict what will happen in the future. ABS Group has made a reasonable effort, based on
information supplied to us by your company, to identify the causes of the X-10 incident so that your com-
pany can reduce the likelihood of accidents and to meet the requirements of the OSHA process safety
management (PSM) regulation (29 CFR 1910.119[m]). However, even if all the suggestions from this effort
are followed, accidents may still occur. Moreover, the actions associated with implementing the suggested
improvements may subject plant employees or their assigns to unforeseen hazards. Therefore, your company
should independently evaluate all recommendations before implementing them to ensure they do not create
new hazards. Also, federal and state regulations are subject to interpretation; we cannot guarantee how they
will be interpreted in the future. Thus, ABS Group accepts no liability for any regulatory impact or for any
incident that may occur in any of your facilities.

ABS Group INC.
1000 Technology Drive

Knoxville, Tennessee 37932-3353
(423) 966-5232  Fax (423) 966-5287
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Thank you for choosing ABS Group to help you meet your process safety objectives. We look forward to
working with you on other tasks.

Sincerely,

Donald K. Lorenzo
DKL:sbr

Enclosures
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Investigation of the Acrylic Kettle (X-10) Incident on December 7, 1999
Summary of the Incident

On December 7, 1999, at approximately 11:00 p.m., the acrylic kettle (X-10) at PSI’s Denver plant
ruptured during production of a batch of resin (G24X104). The kettle contents were ejected, and the
surrounding structures were severely damaged. The kettle operator was taken to the hospital where he
recovered from second-degree burns. Small fires that were started by the materials sprayed from the
kettle burned out or were quickly extinguished by plant personnel. The entire plant was shut down
pending investigation of the incident and repair of the damage caused by the fire, explosion, and falling
debris.

Incident Investigation Team

The incident investigation began on December 8, 1999, at 11:00 a.m. Larry Saunders was initially in
charge of the investigation; Steve Whittle assumed responsibility for the investigation on October 6. The
incident investigation team included:

Investigation Methodology

The investigation team collected data concerning the incident. Data collection began on December 8,
1999, and continued until December 18, 1999.

The data collected were then summarized in an Event and Causal Factors Chart (Attachment 1). This
chart was used to help the investigators decide in what areas more data were necessary, and it also helps
to clearly depict the relationship of key events related to the incident.

Finally, the team developed recommendations for plant management to consider. The recommendations
relate to reducing or eliminating the key causal factors; therefore, addressing these recommendations
should help prevent recurrence in the remaining acrylic kettle (K-25).

Name Title Organization

Lee Stevens Production Consultant PSI Pardeville, Wisconsin

Steve Whittle Incident Investigation Leader
Senior Process Analyst

PSI Corporate

Mike Roberts PSM Project Leader PSI Corporate

Mike Eislie Assistant Plant Manager PSI Denver, Colorado

Ken Rutgers Acrylic Unit Operator PSI Houston, Texas

Dave Wage PSM Project Leader PSI Corporate

Kyle Hoops Acrylic Unit Operator PSI Denver, Colorado

Bill Bridges Consultant ABS Group Inc.

Lee Vanden Heuvel

Consultant ABS Group Inc.Don Lorenzo

Consultant ABS Group Inc.
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Personnel Involved in the Incident

Nick Faldo was the senior acrylics area operator working at the time of the incident. Lee Heuvel was an
experienced kettle operator being trained for a new assignment in the acrylics area. He had been working
in acrylics for about 7 weeks.

Process Description

There are two production units in adjacent buildings in the acrylics area — an older kettle (X-10) and a
newer kettle (K-25), each with its own feed and product tanks. A variety of acrylic resins are produced by
reacting acrylate monomers with catalysts in these kettles.

To make a batch, the desired amount of monomer is transferred from a storage tank to the monomer
feed tank. Xylene solvent is pumped from storage into the kettle and the catalyst mix tank. Liquid or
powdered catalyst is added to the xylene in the catalyst mix tank and blended with a small agitator. (To
improve safety, production procedures were recently revised to require dilution of all catalysts with
xylene; previously some catalysts had not been diluted.)

Initially, the xylene in the kettle is heated to its boiling point and refluxed through a decanter to remove
any water. When the xylene is clear (water-free), the reflux is routed directly back to the kettle, bypassing
the decanter. The catalyst/xylene mixture in the mix tank and the monomer in the feed tank are then
pumped into the kettle at the desired rates. Steam heating through the kettle’s jacket and internal half-
pipe coils is maintained until the exothermic polymerization is initiated, then steam flow is stopped and
cooling water is circulated.

When the batch is completed, the resin is transferred to a product tank or discharged directly to drums.
The kettle is cleaned, if necessary, and the next batch is started.

Description of the Incident

On December 7, 1999, at approximately 5:30 p.m., the day shift began a batch of acrylic resin
(G24X104) in kettle X-10 About 13,200 pounds of n-butyl acrylate monomer were pumped into the feed
tank, 3,700 pounds of xylene were pumped into the kettle, and 246 pounds of xylene were pumped into
the catalyst mix tank. The kettle agitator was started, and the steam valve to the kettle jacket and coil
was opened to begin heating the xylene. One partial drum (204 pounds) of di-tert-butyl peroxide catalyst
(DTBP) was pumped into the catalyst mix tank before shift change at 7:00 p.m.

The night shift operators, Lee Heuvel, and Nick Faldo continued work in the acrylic area.  Lee, under
Nick’s supervision, took the lead in completing the batch in X-10 while Nick attended to drumming
product from K-25 so a new batch could be started in that kettle. Lee got another DTBP catalyst drum
and pumped the additional 42 pounds of catalyst needed from the drum into the catalyst mix tank. The
catalyst and xylene in the catalyst mix tank should have then been agitated for 30 minutes, but this was
apparently not done, either because the operator failed to start the mixer or because the mixer tripped off
shortly after startup. (Lee does not specifically remember starting the agitator, but it is a routine, almost
reflexive, task for an experienced operator.)  Post-incident testing showed that without mechanical
mixing, most of the catalyst could have remained floating as a separate liquid layer on top of the xylene
in the catalyst tank. (Tests also showed that catalyst and xylene are miscible and, once mixed, they do
not separate.)



7

Meanwhile, Lee continued to prepare the kettle. The xylene in X-10 was heated to 280 ºF and refluxed
through the decanter to remove any water contamination that could degrade product quality (requiring
filtration to remove the haze). Once the xylene was dry (about 10:00 p.m.), Nick verified the system
status before Lee proceeded. Nick recalled that the catalyst mix tank agitator was off at this time, but it
would have normally been shut down before feed to the kettle was started because the agitator vibration
caused erratic weigh cell readings. There was no other visible indication whether the catalyst had been
mixed, and Nick did not specifically question Lee about it. The valve alignment was correct, so Nick told
Lee to proceed with feeding the kettle.

At about 10:05 p.m., Lee started feeding both monomer and catalyst at the desired rates. The monomer
feed is relatively cool (50 ºF to 60 ºF), so the kettle temperature normally drops 10-15 degrees during the
first 10-20 minutes of a batch. Lee correctly applied steam to the kettle jacket and internal half-pipe coils
during this phase to heat the batch and initiate the exothermic reaction. (Note: It is possible that the
steam flow was low despite a normal valve position [4-5 threads open], but this seems unlikely because
the steam was operating normally during the earlier reflux step.) Nick checked with Lee about 10 min-
utes later and verified that the reaction was proceeding normally (the temperature had dipped, steam
was on, and Lee believed he saw some reflux), so Nick returned to work at K-25. The reaction, however,
did not start normally because the “catalyst” being fed was probably unmixed xylene from the bottom of
the catalyst tank. Without the normal heat of reaction (or perhaps, but less likely, because of inadequate
steam heat), the batch temperature continued to fall and unreacted monomer accumulated in the kettle.

The temperature dropped to 240 ºF by about 10:20 p.m. before beginning to rise. At 10:55 p.m., the
temperature had risen to 245 ºF and Lee believed the reaction had initiated. He closed the steam valve,
but the temperature promptly dropped back to 240 ºF, so Lee applied more steam to the kettle to heat it
back up to the normal range. When Nick checked with Lee about 11:00 p.m., he saw that the kettle
temperature was abnormally low and that the steam was still on. Nick told Lee to cut back the steam flow
and be ready to apply cooling water as soon as he saw any temperature rise. Nick returned to K-25.

By then, about 7,000 pounds of monomer had been fed to the kettle with the dilute xylene/DTBP mix-
ture from the bottom of the catalyst mix tank. The concentration of DTBP in the remaining catalyst
mixture was probably much higher, and it finally initiated the polymerization reaction as it was fed to the
kettle. Lee shut off the steam and vented the kettle jacket about 3 minutes later when he saw the tem-
perature had risen to 266 ºF. Lee began to open the cooling water valves, but it was too late to control
the runaway reaction of the unreacted monomer that had accumulated in the kettle. Xylene was vapor-
ized in the kettle so fast that it overwhelmed the reflux condenser, overwhelmed the vent system, over-
whelmed the pressure relief system, and overpressurized the kettle.

Shortly after 11:00 p.m., the welded joint between the kettle head and side wall failed around the entire
circumference, and the head was launched upward, demolishing all the structure above it. The flashing
kettle contents were also ejected upward and ignited in a small fireball/explosion. The resulting pressure
wave damaged surrounding structures, and debris fell in a radius of about 300 yards. Burning ejecta
started several small fires around the plant, but these were quickly extinguished. Lee was hospitalized
with second-degree burns; no other injuries were recorded as a result of the incident.
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Contributing Factors
• Lee was a relatively new operator in the acrylics area, but he had an excellent performance record as a

kettle operator in another area of the plant. He did not have enough experience with this formulation
to recognize when to stop the feed streams if the batch was not progressing normally.

• Overtime had been authorized for an extra operator to stay over and train Lee. When unexpected
schedule conflicts arose, no one was available to work the extra overtime as a trainer. Thus, the other
operator on Lee’s shift (Nick) had to divide his attention between normal work duties and training.

• The operators did not know that catalyst and xylene would not mix well unless mechanically agitated.
Their perception was that mixing ensured a uniform solution and enhanced quality, but that simply
pumping the two materials into the same tank would largely mix them.

• The operators had to turn off the catalyst mix tank agitator to get accurate readings from catalyst mix
tank weigh cells so they could set the correct catalyst feed rate. This increased the likelihood of failing
to agitate the catalyst/xylene mixture.

• The operating procedures specified only the desired temperature for the reaction. There were no safety
limits stated, and no warning that feeding reactants below a certain temperature could result in accu-
mulation of unreacted material and a subsequent runaway reaction when the unreacted material was
heated to the catalyst activation temperature.

• The pressure relief system for the kettle was designed for a different manufacturing process. When the
process was changed to produce acrylics, the relief system was not resized.

Recommendations
1. Review the design basis for the pressure relief system on the remaining acrylic kettle (K-25) to ensure

that it is capable of handling a runaway reaction.

2. In the instructions for each acrylic product, specify the safe range of kettle temperatures at which
monomer and catalyst may be fed.

3. Consider providing an interlock(s) to halt feed to an acrylic kettle if its temperature is outside safe
limits.

4. Revise the acrylic manufacturing procedures to specify that the catalyst mixer be turned on, and have
operators verify the mixer status before starting to feed monomer to the kettle.

5. Consider providing an interlock to prevent/halt monomer and catalyst feed to an acrylic kettle if the
catalyst mixer is not on. (Vibration does not cause erratic readings from the weigh cells under the
catalyst feed tank for K-25.)

6. Consider providing a means for operators to see the history and trend of temperature in an acrylic
kettle during a batch.

7. Specify the criteria for a qualified acrylic unit operator. What information must be known and what
skills must be demonstrated before a worker is considered qualified to operate without a trainer’s
supervision?

8. Specify the requirements for an on-the-job trainer. What other duties is a trainer allowed to undertake
while coaching a trainee?
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ra
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t c
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is
sy

st
em

 a
nd

 n
o 

cl
ea

r 
gu

id
an

ce
 fo

r 
ac

tio
ns

 to
 b

e 
ta

ke
n

w
he

n 
th

e 
te

m
pe

ra
tu

re
 fe

ll 
ou

ts
id

e 
th

es
e 

bo
un

ds
.

Tr
ai

ni
ng

–
T

ra
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ra
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This was first batch
of G24X104 with the
catalyst diluted with

xylene

Lee

Kettle temperature
was 170 ºF

7:00

All Operators

Typically catalyst is
agitated for 30

minutes in mix tank

A

B

Ken

Ken started
batch of G24X104

about 5:30 - 6:00pm

Ken

Charged monomer to
feed tank

(Butyl Acrylate)
13,200#

Ken

Charged xylene to
catalyst mix tank

(246#) and to kettle
(3700#)

Ken

Opened steam valve
4-5 turns to slowly

heat kettle and
xylene

6:30            Ken

Turned on kettle
agitator

(83-85 rpm)

6:35            Ken

On second floor,
began charging

di-tert-butyl-peroxide
to catalyst mix tank

(partial drum emptied
at 204 lb)

Ken

Got another partial
drum of catalyst and

left it downstairs

Ken

Told Nick and Lee to
add 42# to catalyst
mix tank to finish

charge

Lee

Lee moved catalyst
drum upstairs
(about 15 min)

Lee

Charged 42# of
catalyst to mix tank

(about 15 min)

Catalyst mix tank
agitator not turned on

or tripped off
(normally turned on
when fully charged).

Operator can't
remember if it was

turned on

Paper

No step for this in
procedure

All Employees

Trainee performed
procedure

Lee

Kettle temperature
was 280 ºF and
reflux was hazy

Lee

Kettle temperature
was 280 ºF and

reflux was clear (no
water present)

Nick

Catalyst agitator
 was off and no
indication that

agitator had/had not
been operated

       Nick

Lee changed reflux
return from decanter

to kettle

10:00

Nick

Nick visually verified
vent valve position

(opened) and went to
clean filter of other

kettle (K-25)

All Operators

Operators unaware
of hazards of

inadequate catalyst
mixing

Lee

Switched reflux
return from kettle to
decanter to collect

water

7:30

Attachment 1  Event and Causal Factors Chart

CF #1

CF #2

Legend

Shade = Condition
Unshaded = Event/Action
CF = Causal Factor

Source

Fact
Assumption

or Conclusion

Time

Shift
Change
7:00 PM



A

Lee

Kettle agitator was
running at desired
speed (80-85 rpm)

See Ken @ 6:30

Lee

Kettle temperature
was 281 ºF

Lee

Kettle temperature
was 260 ºF

Nick-9A

Kettle temperature
was 270 ºF and

dropping – this is
normal until reaction
kicks; monomer (~55
ºF) causes cooling at

first

All Operators

Vibration can cause
false appearance of

flow in bullseye

B

C

Nick

Lee started catalyst
feed from second

floor

       Nick

Lee started monomer
feed pump

10:05

Lee

Kettle temperature
falls 10-15 ºF

as monomer is
added

Nick

Nick came back to
X-10 about 10-15

minutes later

Lee

Lee told Nick he saw
reflux

10:20

Nick

Nick told Lee to get
ready to stop steam
when temperature

begins to rise

Nick

Nick left
area to set up drums

at K-25

10:20

Lee

Kettle temperature
reaches a low of

240  ºF

Conclusion

There is insufficient
steam flow to
maintain kettle
temperature

Lee

Kettle temperature
increased slightly

All Operators

Reflux would
indicate that the

reaction heat was
vaporizing xylene

Lee

Kettle temperature
fell much more than

normal

Lee

Kettle temperature
rose to 245 ºF

Lee

Lee closed steam
supply to kettle

(had been open 4-5
threads since

beginning of event)

Lee

Kettle temperature
dropped back

to 240 ºF

Lee

Lee opened steam
supply to kettle
(3 to 4 threads)

10:55

D

Attachment 1  Event and Causal Factors Chart (cont'd)

Conclusion

Low catalyst
concentration during
initial 50 minutes of

feed

Legend

Shade = Condition
Unshaded = Event/Action
CF = Causal Factor

Source

Fact
Assumption

or Conclusion

Time



Lee

Lee heard
whoomph sound

of vapor cloud
explosion

Lee

Cooling water feed
valve still closed

C

Parts data visual

Set pressure is
stated on rupture

disk as 99.5 psig at
72 ºF and 60 psig at
280 ºF and in relief
valve test report as

60 psig

Parts data visual

Metal failed on lid;
visually appears to

have failed along an
older crack (rust

colored) and about
20% of it appears to

be a fresh tear

Lee

Lee closed the steam
supply to the kettle

(and started bleeding
the jacket)

Lee

Lee opened the
cooling water outlet

valve

Nick

Nick told Lee to turn
off steam and to get

ready to turn on
cooling

Parts data visual
Lee

Rupture disk and
relief valve opened

Pressure continued
to rise in kettle

Lid blown/ripped off
kettle

Nick

Nick came back to
X-10

10:55

Nick

Kettle temperature
was 248 ºF

Operators failed to
stop kettle feeds

because they did not
realize a hazardous

situation existed

Nick

Nick went back to
K-25 to continue
product drum-out

Nick

Kettle temperature
was 266 ºF

Lee

Kettle temperature
quickly rose as

catalyzed
polymerization began

X-10 rutpured,
operator burned,

and adjacent units
damaged

Pressure relief
system was

undersized for a
runaway reaction

The kettle appears to
have failed below its

design burst pressure

D

About half the
monomer (7,000 lb)
has been charged

Attachment 1  Event and Causal Factors Chart (cont'd)

Concentrated
catalyst from the

upper unmixed layer
in the catalyst tank is

fed to the kettle

Calculation

Vent and condenser
unable to handle

vapor rate

Lee

Sharp (less than 60
seconds) pressure

rise (from 2.5 psig to
60 psig)

CF #3

Legend

Shade = Condition
Unshaded = Event/Action
CF = Causal Factor

Source

Fact
Assumption

or Conclusion

Time

CF #4

CF #5


